In this work, data on methanogenic Archaea communities in sediment from the coastal area of Puck Bay were investigated. Sediments were collected along the Hel Peninsula from areas characterized by the occurrence of gas bubbles. Based on the analysis of molecular markers, the presence of a specific methanogenic Archaea gene was detected at all stations. Further research involved the cloning and sequencing of methanogenic DNA. Based on the comparison of obtained genetic sequences with existing genetic databases, it was confirmed that all of the nucleotide sequences belonged to the domain Archaea. Furthermore, in the investigated sediment certain sequences had certain similarities to the sequences of organisms from the families Methanosarcinaceae, Methanospirillaceae and Methanocorpusculaceae.
INTRODUCTION
One possible source of methane in the marine environment is thermogenic decomposition of organic fraction; it may also be produced as a result of biological transformation (Judd 2003 (Judd , 2004 Reeburgh 2007) . Methane emitted into the atmosphere absorbs infrared radiation from the Earth, thereby preventing heat escape and thus retaining the thermal energy in the atmosphere (Houghton et al. 1997; Gitay et al. 2002; Bates et al. 2008 ). This gas is one of the six significant greenhouse gases listed in the Kyoto Protocol on the reduction of the emission of greenhouse gases from anthropogenic sources. Since the beginning of the 20 th century, a significant and abrupt increase in methane concentration has been observed in the atmosphere (Masse et al. 2003) . Forster et al. (2007) reported a successive rise in methane concentration in the atmosphere and increased infrared radiation. A higher level of methane concentration in the atmosphere on a global scale has also been confirmed in the report published by IPCC (2007) . However, the global capacity to produce methane is higher than the quantity of methane emitted into the atmosphere. It has been assumed that the remaining gas was consumed in the place of its origin (King 1990; Wegener 2008) . Because of the increasing emission of greenhouse gases, including methane, it is crucial to identify both types of sources, i.e. anthropogenic and natural. Methane resulting from biological transformation is actually one of the biggest sources of emission of this gas from marine ecosystems (Bange 2006) . Besides this methaneproducing microorganisms are common used in the biochemical transformation of environmental organic pollutants (Liu et al. 2004; Busch et al. 2009 ).
Methane forming bacteria are a large and diverse group of microorganisms. They obtain energy for growth from the conversion of substrates such as carbon dioxide and hydrogen, formate or acetate. In addition, some other compounds such as methanol, methylated amines, cyclopentanol, isobutanol, isopropanol or ethanol might be used as carbon sources for biochemical methane formation (Whitman et al. 2006) . Methanogenic Archaea produce a number of coenzymes that participate in the biochemical synthesis of methane. The reduction of a methyl group to methane is the final step of metabolic transformation in each defined pathway of carbohydrate respiration accompanied by methane production. This reduction reaction is catalyzed by an enzyme called methyl coenzyme M reductase (MCR). It is a coenzyme present in the cells of all methanogens and therefore it can serve as a biomarker in the molecular analysis of these organisms. The designed methanogen-specific primers, i.e. mcrAF and mcrAR, are used to amplify the gene region responsible for methane production in the cells of methanogenic Archaea (Hales et al. 1996) .
Methanogenic bacteria are abundant in habitats where electron acceptors such as O2, NO3¯, Fe 3+ and SO2¯ are limiting. One of the most common methanogenic habitats are anoxic lake and marine sediments (Whitman et al. 2006) . Even when the surrounding water column or sediment contains oxygen locally, micro-anaerobic conditions might form and in that habitat methane forming bacteria can exist. That situation has been documented in the Baltic ecosystem (Edlund 2007) . The presence of methane in the Baltic was detected in benthic sediment and the near-bottom water (Jørgensen et al. 1990; Piker et al. 1998; Wilkens and Richardson 1998; Martens et al. 1999; Schlüter et al. 2004; Mathys et al. 2005) . The emission of this greenhouse gas from the coastal water ecosystem in the Baltic Sea into the atmosphere has also been confirmed by earlier studies (Heyer and Berger 2000; Liikanen et al. 2009 ). Free gas bubbles were also detected in the Baltic sediment (Schmaljohann 1996; Jensen and Fossing 2005; Judd and Hovland 2007) . Methanogenic bacteria have been isolated from Baltic sediment as well. Sediment from the east coast of Jutlant in Aarhus Bay consisted of non motile, hydrogenothropic, rod-shaped cells of Archaea from the Methanobacteriacea family strain Methanobacterium aarhusen (Shlimon et al. 2004 ). In sediment from Gotland Deep, the strain Methanosarcina baltica was detected. The catabolic substrate used by these irregular coccid cells included methanol, methylated amines and acetate (von Klein et al. 2002) .
In our research, samples of coastal sediment were taken from stations in which free gas bubbles were observed. To determine the possibility of methaneforming bacteria participation in gas production in the sediment, molecular biology techniques were employed.
MATERIALS AND METHODS

Research area
The study was conducted in 2010 in the coastal waters of Puck Bay. Samples were collected on September 5 at six sampling stations (Fig. 1 ). In the research area, we observed organic fraction in some parts of the benthic sediment. At station P7 (Władysławowo area), an approximately 10 cm thick layer of caked surface sediment was observed. Together with organic fraction, free gas bubbles were detected in the sediment. A sample of benthic sediment for molecular biology analysis was collected from each sampling station at the exact location of the release of free gas bubbles. The samples consisted of ca. 15-cm deep sediment cores. Water depth in the sampling points was about 40 to 60 cm.
Chemicals
For molecular analysis, we applied commercial kits from A&A Biotechnology. We used: "Genomic Mini AX Bacteria" for genomic DNA isolation, "2xPCR Master Mix Plus" for PCR reaction mixture, "Gel-Out" for mcrA gene isolation after agarose gel electrophoresis, and "Plasmid Mini AX" for plasmid DNA isolation. We used DNA size marker and DNA thermo stable polymerase WALK from A&A Biotechnology, too. For the DNA cloning procedure, we used the "CloneJET" PCR Cloning kit from Fermentas, which contains a cloning vector named pJET1.2. For this procedure, we used chemically competent E. coli cells (One Shot TOP10F') from Invitrogen. We used primers of the mcrA gene for polymerase chain reaction (PCR) as described previously by Luton et al. (2002) , made to order by Sigma-Aldrich. The primers had the following genetic sequences:
Samples collection Samples of benthic sediment from the coastal area of Puck Bay were collected in sterile vials made of synthetic material, ranging in volume from 100 cm 3 to 120 cm 3 . The vials filled with sediment were put in a protective bag made of synthetic material, and then immediately placed in a refrigerator. The sediment samples were kept at a temperature not exceeding 5°C until molecular analysis, which began no later than 12 hours after sampling.
Molecular analysis of sediment from Puck Bay
In order to study the occurrence of methanogenic communities in benthic sediments in the coastal area of Puck Bay, the isolation of genomic DNA followed by PCR amplification of the methanogenic archeon gene from template DNA was performed. In this study the mcrA gene, which constitutes a part of an α unit of coenzyme mcr, was amplified via PCR. A thermostable DNA polymerase, taq was used in all reactions (Nunoura et al. 2008; Steinberg, Regan 2009) .
Preliminary molecular analysis consisted of the following steps: 1) isolation of the total genomic DNA from sediment, and 2) PCR amplification of the methanogen-specific gene region. Further molecular analysis included the cloning of the mcrA gene and sequencing of the obtained plasmid DNA from these clones. The final analytical step involved a comparison between the obtained genomic sequences and the sequences of methanogenic Archaea from the database that have been previously taxonomically identified. General techniques for cloning, described previously by Sambrook et al. (1989) , were applied.
Genomic DNA was isolated from ca. 2 g of each sediment sample by means of a "Genomic Mini AX Bacteria" kit and used in further analysis. For the PCR mixture we applied chemicals from a "2xPCR Master Mix Plus" kit and 0.1 μg of the mcrAF and mcrAR primers and 1 μg of the previously isolated template DNA. The amplification program described by Innis and Gelfand (1990) was used. The mcrA gene fragments amplified with mcrAF and mcrAR primers were reacted with the DNA polymerase WALK. The obtained product was separated electrophoretically on an agarose gel. The mcrA gene fragment was extracted and purified from an agarose gel by means of a "Gel-Out" kit. Purified mcrA gene was transferred into pJET1.2 vector to form recombinant plasmid (pJET1.2./mcrA). In the next step, recombinant plasmids were ligated into competent E. coli cells (TOP10F') for mcrA gene cloning. Isolation of potential recombinant plasmids was accomplished by means of a "Plasmid Mini AX" kit for plasmid DNA isolation. The presence of the mcrA gene in plasmids was confirmed by PCR under the conditions described above. Plasmids were automatically sequenced by a commercial firmMacroGen Europe (Holland).
Based on the sequencing data from the clones containing the gene responsible for methane production in methanogens, the corresponding nucleotide sequence was obtained and later compared with the previously identified nucleotide sequences by means of the NCBI BLASTN 2.2.25 application (Mori et al. 2000) . Similarity between the obtained sequences was explored using this tool, which resulted in the elimination of identical nucleotide sequences. The differing DNA sequences of the mcrA gene, obtained from the preliminary selection, are presented in the phylogenetic tree formed using the neighbor-joining method (Saitou and Nei 1987) .
RESULTS AND DISCUSSION
The obtained DNA was electrophoresed, in order to confirm its presence in the sediment samples, and visualized by UV light. Genetic material was present in all samples, but it was degraded. PCR amplification of the mcrA gene from the obtained template DNA confirmed the presence of genomes belonging to sediment-dwelling methanogenic Archaea. A ca. 500 bp DNA fragment visualized by UV light after agarose gel electrophoresis suggests the presence of methane forming bacteria in the PCR products (Fig. 2) .
Based on the Neighbor-Joining method (Saitou and Nei 1987) , a phylogenetic tree was constructed that illustrates sequence similarities between the clones of methanogens dwelling in the Puck Bay sediments and the previously identified methanogenic sequences (Fig. 3) . Eight different methanogen sequences were detected in sediments from six sampling stations. All nucleotide sequences belonged to the domain Archaea. Based on a preliminary analysis, all organisms were mcrA clones, and therefore methanogenic Archaea.
The sequences coded ZP.04.1, ZP.06.1 and ZP.09.1 were obtained from the sediments collected at stations P4 (Kuźnica area), P6 (Chałupy 2 area) and P9 (Rzucewo area), respectively. Based on phylogenetic analysis of taxonomic relatedness, the similarity of these sequences to the total genomic sequence of Methanospirillum hungatei JF-1 strain was 90%, 90% and 89%, respectively. In addition, some sequences on the phylogenetic tree were located at a distance from all the other sequences. That suggests the possibility of a new organism form in the domain of Archaea. That possibility requires further detailed analyses of the ecosystem for confirmation. The clone sequence from station P7 (Władysławowo area), coded ZP.07.1, showed 87% similarity to the total genomic sequence of Methanospirillum hungatei JF-1. The wild-type archaeon clone of the methyl coenzyme M reductase alpha subunit (mcrA) gene from station P8 (Puck area), coded ZP.08.1, had a 98% similarity to Methanocorpusculum sp., which has been taxonomically classified as incertae sedis. Two other sequences of wild-type clones of mcrA gene were detected in sediments from station P8 (Puck area), and coded ZP.08.2 and ZP.08.3. Both sequences showed similarity to the organisms belonging to the genus Methanosarcina. ZP.08.2 showed 93% similarity to the Methanosarcina sp. T-36 strain, while ZP.08.3 showed 95% similarity to Methanosarcina sp. WH-1 strain. The sequence coded ZP.10.1 was obtained from sediments collected at station P10 (Osłonino area); it showed 94% similarity to Methanolobus taylori which, in taxonomic classification, belongs to the family Methanosarcinaceae. It has been established that Archaea from the order Methanosarcinales from the family Methanosarcinaceae and the order Methanomicrobiales from the family Methanospirillaceae and the family Methanocorpusculaceae might exist in the Puck Bay sediments.
Based on the obtained molecular biology results, it should be stated that in the analyzed ecosystem, marine organic matter might have decomposed under anaerobic conditions in the microenvironment of the benthic sediment. Oxygenated water in the coastal zone and oxygen diffusion into the surgical sediment M -DNA size marker (1000, 900, 800, 700, 600, 500, 400, 300, 200, 100 bp); P4, P6, P7, P8, P9, P10 -PCR products from genomic DNA isolated from sediments points P4, P6, P7, P8, P9, P10 respectively; K + -positive control; K --negative control layer by the waves seem to exclude the possibility of the development of strictly anaerobic organisms, such as methane-producing Archaea. However, the wave action causes vertical displacement of organic matter into the deeper sediment layers. Such a mechanism might result in local, micro-scale anaerobic conditions and, consequently, create the possibility of the development of methanogens. The phenomenon of localized anaerobic conditions in oxygenated sediment or the seawater column, which facilitated the development of anaerobic microorganisms and methane production from decomposing organic matter in the Baltic, have been previously reported (Edlund 2007) . In the case of the sediment from the coastal zone of Puck Bay, the occurrence of local anaerobic conditions has also been confirmed previously (Witkowski 1993) .
A comparative analysis of the obtained nucleotide sequences indicates that methane-producing Archaea DNA are present within the sampling stations. Nucleotide sequences of the clones of the organisms obtained based on DNA from sampled sediments showed similarity to previously described nucleotide sequences of methane-forming bacteria from the Archaea domain. These are sequences of organisms from the order Methanosarcinales and Methanomicrobiales.
Archaea from the genus Methanosarcina are able to use all three metabolic pathways (hydrogenothropic, acetothropic and methylothropic) of methane biosynthesis. The genus Methanolobus, on the other hand, is represented by methylotrophic organisms that use, inter alia, methylamines to produce methane. The substrate for methanogenesis for organisms belonging to the genus Methanospirillum classify these organisms as hydrogentrophic. However some Methanospirillum species can also use simple organic acids to synthesize methane (Doerfert et al. 2009; Hanako et al. 2009 , Takao et al. 2010 . It might be said that in the analyzed coastal sediment, methane-forming bacteria produced methane via all known metabolic pathways.
SUMMARY
The mcrA region has been successfully used as a molecular marker for identifying methanogens. The conducted molecular analysis confirmed that the primers, described by Luton et al. (2002) , were best suited for amplifying the mcrA gene from template DNA isolated from sediment samples collected in transitional waters. The employed methodology for isolating genomic DNA from marine sediments, cloning, and isolating plasmids (all procedures based on A&A Biotechnology kits) allowed the isolation of genetic template material, PCR amplification and the clones of DNA gene fragments of organisms responsible for methane production in the analyzed environmental samples. Molecular analyses suggest the possibility of strict anaerobic microbial activity and anaerobic decomposition of organic matter in the coastal area of Puck Bay. Oxygen conditions that are determined, inter alia, by the vertical distribution of organic matter along the sediment profile might be a decisive factor in the presence or absence of methane forming Archaea. Based on the conducted research, it has been proven that the environmental conditions in the coastal zone of Puck Bay are suitable to sustain the life functions of strict anaerobic microorganisms.
